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TASK ANALYSIS OF SHUTTLE 
ENTRY AND LANDING ACTIVITIES 


ABSTRACT 

The Task Analysis of Shuttle Entry and Landing (E/L) Activities documents all tasks 
required to land the Orbiter successfully following an STS mission. In addition to the analysis of 
tasks performed, conditions surrounding each task or series of tasks is included. These conditions 
encompassed, for each task, the estimated time required for completion, altitude, relative velocity, 
normal acceleration, lateral acceleration, location of controls being operated or monitored, and level 
of g's experienced. 

The present analysis precedes further investigations into the potential effects of zero g on 
the piloting capabilities of crewmembers responsible for landing the Orbiter following long 
duration missions. This includes, but is not limited to, researching the effects on piloting 
capabilities following extended duration Orbiter missions. 

Four primary constraints of the analysis must be explicated: (1) the analysis depicts E/L in a 
static manner, whereas, the actual process is dynamic; (2) since it was not feasible to conduct 
research to conduct research in the actual setting (i.e., observing and filming during an actual E/L), 
the task analysis was limited to information obtained from E/L documentation and observation of 
E/L simulations; (3) the tasks included are those required for E/L during nominal, daylight 
conditions; and (4) certain E/L tasks will vary according to the flying style of each commander. 


BACKGROUND 

A task analysis is typically conducted to define a job by breaking it down into its respective 
components, including the conditions under which the tasks are performed. This facilitates 
identifying specific units of a job for further scrutiny. The purpose of the present analysis was to 
identify the requisite tasks performed by the commander (CDR), pilot (PLT), and mission 
specialist 2 (MS 2) to land the Orbiter successfully . The information contained in this document is 
intended for use by organizations requiring entry and landing (E/L) task information for operational 
planning or research purposes. 

Included in the present analysis was a hierarchical assessment of all crewmember activities 
that occur during E/L, including Orbiter events and the environment surrounding the crew as they 
accomplish the tasks. Conditions under which crewmembers must perform include the following 
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variables: (1) elapsed time, (2) altitude (H), (3) relative velocity (Yrel). (4) normal acceleration 
(Ny), (5) lateral acceleration (N z ), (6) location of controls, and (7) level of g's experienced. 
Gravitational force was not included in the task analysis template but was graphed separately 
(appendix A) to display the g's experienced during a typical E/L. Combined, the above 
information explains the process of E/L in detail and provides the basis for various analyses 
examining current or extended duration Orbiter (EDO) mission E/Ls. This procedure was 
analogous to that used by Keller, Lesser, Norman, and Webster (1965) in their detailed analysis of 
tasks to be performed by crewmembers during lunar excursion module activities. 

To date, the missions flown have ranged in length from 2 to 13 days. Some CDRs, PLTs, 
and MS2s of these missions expressed that they have, at various points of E/L, experienced a 
somewhat less than optimal capability for performing their tasks. This may be due, in part, to the 
adaptation from zero-g to lg, which they begin while in the dynamic environment of reentry. 
During this time, the CDR, PLT, and MS2 must monitor controls far nominal and contingency 
events, engage and disengage control systems, and conduct manual flight and landing procedures. 
This is accomplished under a high relative velocity (V re i) and varying levels of normal and lateral 
acceleration. 

An important consideration to be addressed prior to die onset of EDO missions is the E/L 
performance of the three crewmembers. A few individuals have reported that during E/L on 
previous missions, certain limitations have been experienced. It is not known whether extended 
tune in zero g will accentuate difficulties previously reported or will possibly create additional 
difficulties in piloting performance. An analysis of this type provides the basis for assessing 
whether the CDR, PLT, and MS2 could be further affected by exposure to zero g for periods 
longer than 13 days. Also, at what point in the E/L procedure would these difficulties most likely 
occur? A task analysis was first conducted, therefore, to define precisely what is performed during 
E/L. Such an analysis facilitates any assessment of questions regarding the tasks and surrounding 
conditions. 

Note that this task analysis was current as of November 1991. Any tasks appearing in this 
analysis will not reflect changes made to E/L procedures after that date (e.g., addition of the drag 
chute to landing procedures). 
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SCOPE OF THE ANALYSIS 


Constraints 

To complete this analysis, several groups of E/L subject matter experts were consulted. In 
addition, data obtained from all available documentation pertinent to E/L were incorporated into the 
analysis. However, the nature of this procedure and the methods available for analysis introduce 
certain constraints as to how this analysis should be viewed. Limitations to consider in using the 
information presented in this analysis include the following: 

• The analysis depicts E/L in a static manner, whereas, the actual process is dynamic. 

• This task analysis is based upon a nominal landing during daylight hours. Any number 
of anomalies may occur, and piloting styles may differ, this would alter the tasks presented 
in the task template. Examples of such deviations would include malfunctions in 
mechanical systems and/or wind conditions differing from that which was anticipated. 
These or any off-nominal E/L scenarios would require a more complex set of tasks, more 
frequent head movements, and an increased use of checklists and cue cards. Therefore, 
presenting all probable scenarios or incorporating subtle differences relative to a pilot's 
flying are not feasible within the scope of this analysis. 

« This project was limited to the information that could be obtained from E/L documentation 
and observation of E/L simulations, since it was not possible to access the actual setting. 
No filming or observing was conducted during an actual E/L sequence; simulations in the 
motion-based simulator and verbal reports from PLTs, CDRs, and MS2s were used to 
verify the accuracy of the task sequences. 

• The analysis does not consider each mission CDR's flying style or preferences regarding 
how and when E/L procedures are performed. 

The focus of this analysis was on the tasks performed by the three crewmembers from 5 
minutes prior to entry interface (E/I) through wheel stop. Preparations for E/L completed prior to 
this time were omitted from the analysis. All tasks are presented hierarchically in column format, 
detailing activities required to accomplish specific tasks. Additional detail was provided regarding 
crewmembers' actions during events controlled by the general purpose computer (GPC) in the 
control stick steering (CSS) phase of the analysis. This was included since the requisite tasks 
performed by crewmembers increase significantly, and manual piloting of the Orbiter begins. 

When E/I occurs, elapsed time is recorded in ascending order, beginning at 00:00. 
Approximately 30 minutes is required to reach the point of wheel stop; however, as previously 
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noted, between-mission differences exist among times to complete E/L. A primaiy factor influenc- 
ing the timeline for completion of tasks is flight path. This can deviate because of many variations, 
including energy parameters, wind conditions, Orbiter weight, orbital inclination, landing site 
chosen, and the heading alignment cone (HAC) selected at the landing site (figs. 1, 2, and 3). All 
tasks accomplished during E/L are encompassed within three distinct segments, each requiring 
varying lengths of time to complete (table I). Each segment is separated into specific phases, 
during which a prescribed set of tasks must be performed The tasks follow in a hierarchical 
fashion to delineate what is necessary for completing that portion of die segment successfully. 

Following are the rudimentary assumptions used while completing the task analysis: 

• E/I occurring at 400,000 ft 

• Lightweight Orbiter (< 220,000 lb.) 

• Nominal energy parameters 

• No equipment malfunctions 

• No alarms sounding onboard the Orbiter, which signal off-nominal events 

• Landing during daylight hours 

• Nominal wind and weather conditions 

• Nominal operation of ground-based guidance systems 

• Approximately 30 minutes required from E/I to wheel stop 

• Nominal runway conditions at Edwards Air Force Base, California (Edwards runway 22) 

Method 

Data were collected at NASA JSC from the Flight Crew Operations Directorate (FOOD) 
and Mission Operations Directorate (MOD). Several sources were consulted to obtain the informa- 
tion to complete the analysis, including the following: 

• Subject Matter Experts (FCOD and MOD personnel), 

• Guidance and Navigational Control (GNQ data from previous E/Ls (STS -26, -41, 
and -39), 

• Observation of E/Ls in the Motion-Based Crew Simulator (MB CS) 

• Flight Procedures Handbook (JSC-16873, July 1989), 

• Shuttle Systems Handbook (JSC-11174, July 1989), 

• Training and Procedure Manuals (SSV FAM 1 107, August 1986; CSI 2102, November 
1987; ENT GUID 2102, July 1988), 

• Computer-modeled simulation of head movements. 
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Figure 1. - Optional TAEM targeting HACs. 






Figure 3. - Flight path geometry - side view. 


Since information had to be assimilated from several persons and reference materials, the 
decision was made to conduct the analysis iteratively, proceeding from a general to a specific 
format. The first phase involved producing a general outline of E/L using flight procedure 
handbooks, training manuals, and observation of E/Ls in the MBCS. The initial outline 
encompassed the major Orbiter events (table I), which are controlled by the onboard GPC 
throughout E/L; the timeframe at which they occur, and the corresponding altitude. Information 
listed in table 1 is also represented graphically in figures 4, 5, and 6. The initial outline also 
contained subsequent tasks required during the major Orbiter events. From this outline, extensive 
detail making up the final product was incorporated, with revisions and comments coming 
primarily from SMEs and GNC data. SMEs included E/L instructors and GNC experts from 
MOD, as well as crewmembers currently serving as CDRs, PLTs, and MS2s. Reviewers checked 
the accuracy of tasks listed, provided additional requisite tasks, organized them into their proper 
sequences, and assigned tasks to the appropriate crewmembers. Iterations such as these continued 
until a consensus was reached between FCOD, MOD, and the researchers that an effective 
portrayal of the tasks required to perform a nominal E/L successfully had been attained. 

Table I. - Segments, Phases, and Subphases of Entry and Landing 


Entry Segment (*24:09) 

• Preentry Phase (*4:36) 

• Temperature Control Phase (*8:26) 

• Equilibrium Glide Phase (*2:48) 

• Constant Drag Phase (*1:40) 

• Transition Phase (*6:39) 

TAEM Segment (»5:00) 

• Acquisition Phase (**2:5 1 ) 

- Arc Subphase (N/A) 

- Line Subphase (N/A) 

• Heading Alignment Phase (-1:50) 

• Prefinal Phase (-0:19) 

Approach and Land Segment («1:50) 

• Trajectory Capture Phase (N/A) 

• Outer/Steep Glide Slope Phase (»0:43) 

• Preflare Phase (-0:14) 

• Inner/Shallow Glide Phase (-0: 10) 

• Final Flare (*0:12) 

• Touchdown and Rollout Phase (**0:31) 

( ) contain the approximate time required to complete that particular segment, phase, or subphase. 
N/A is listed where an accurate estimate of time could not be obtained. 
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Initiate Entry 
Guidance (MM304) 
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Figure 5. - TAEM segment 



Figure 6. - A/L segment 


ANALYSIS TEMPLATE DEFINITION 


Column Headings and Contents 

The information obtained during the iterative process previously described is compiled into 
a hierarchy using a column format template. The rationale for applying this format is the sequential 
nature of the E/L procedures and that a majority of the tasks being completed are well defined and 
chronologically ordered. The column format also provided a means for presenting the numerous 
set of tasks assigned to crewmembers that are performed simultaneously. 

The column variables in the analysis contain the minimum required to accurately describe 
the E/L procedure as a whole. The first five columns reference the conditions and constraints 
under which tasks are performed, including elapsed time, altitude, Orbiter velocity, lateral 
acceleration, and normal acceleration. The subsequent four columns comprise the tasks performed 
by crewmembers and the location and control in the forward flight deck (fig. 7), which is 
monitored or manipulated during E/L. 

The following is an explanation of what each column in the template contains: 

El Time: Elapsed time from entry interface. Time is listed in ascending order, beginning 
at 00:00. 

Alt Kft: Altitude in thousands of feet. 

Vrel Kfps (M): Relative velocity of the Orbiter, which is provided in thousands ft/s (can 
also be read as "mach"). During the touchdown and rollout phase (El Time 30:28), the 
velocity measurement is displayed in knots (KT), since crewmembers use this reading as a 
cue for certain tasks to be initiated. 

Ny: Lateral movement: Lateral acceleration in ft/s 2 . 

N z : Vertical movement: Normal acceleration in ft/s 2 . 

Events/CDR Task: Orbiter events occurring automatically, as well as tasks performed 
by the commander. 

Note that Orbiter Events occurring automatically, major segments , and the ph ases 
corresponding to each segment are listed in the CDR column only, but apply to all crewmembers. 
Tasks performed by the CDR, PLT, and MS2 appear in their respective columns. If the same task 
is performed by more than one crewmember, it is identified in all applicable columns. 
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Pilot Task: Tasks performed by the PLT. 

MS2 Task: Tasks performed by the Mission Specialist 2. 

Loc: Location of controls or instruments involved in the task or sequence of tasks. 
Notes: Comments to the reader on specific events or tasks. 


The level of detail contained within the task template necessitated the development of a 
nomenclature for organizing and labeling the segments and phases, with their respective tasks and 
subtasks, for each crewmember. This system was used to iterate the sequence of the tasks and to 
facilitate references to specific portions of the document An example of the coding system used 
for this analysis appears in table II. Each entry in table II is identified by a circled number 
corresponding to the subsequent explanation of what the item represents. 


Table II. - Example of Task Coding System 


01 Begin Entry Segment (-24: 09).* — 

01.01 MM304 Initiation.* ~ 

001 Txe£ "OPS 304 PRO." 

002 Check LVLH Attitude (0,40,0) on CRT — 

003 Check FRCS MANF 1-4 closed. 

Entry Interface .* 

A01 Begin Preentry Phase (-4:36). ■ 

A01.01 Monitor alpha, qbar, phi, and drag-vel-range 
profile on ENT TRAJ 1 and Entry- Alpha Cue Card 

Auto elevon trim @ qbar =0.5. • — 

A01.02 Monitor Entry DAP.* ■ — 

001 Monitor elevons. ' 

002 MfiflilfiT body flap. 

003 Monitor RCS jet activity lights for off-i 
configuration/usage. 
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1) ALL CAPS + BOLD + Underlined = Entry and Landing Segments. These are 
identified by a two-digit number (01, 02, or 03), which precede the segment title. 
Parentheses following these entries contain an approximate time required to complete each 
segment. 

2) ALL CAPS + BOLD + Italicized = Phases of E/L Segments. Upper case letters 
connote the sequence of each phase within a segment These letters precede the two-digit 
numbers identifying the corresponding segments. Parentheses following these entries 
contain an approximate time required to complete the phase. Aggregate time for completing 
phases equals the time required to complete their associated segment. 

3) ALL CAPS + Italicized = Subphases/Components of Phases. Phases that can be broken 
down into discrete units are only identified via this formatting; they are not specified with 
sequential numbering. 

4) Italicized = Events occurring automatically, controlled by the Orbiter onboard computer. 

Note that events controlled by the Orbiter GPC are not explained in detail until CSS begins 
(approximately 26:27 elapsed time), the reason being that when CSS begins, the crew is flying the 
Orbiter manually in addition to their monitoring and verifying activities. During that period of 
time, it is important to know the precise division of labor required to verify computer accuracy and 
timely operation. 

The descriptions appear in the column of the crewmember whose function it is to verify or 
monitor the occurrence of the GPC-controlled event These events are not sequentially numbered. 

5) Regular Type = Task Statements. Each is identified with a letter followed by 4 digits 
(e.g., A01.01). The task number is identified following the decimal point in the sequence. 
Tasks are numbered in sequential order to show what must be completed during a particular 
phase. The statements begin with an underlined verb to em phasize the action that is 
required. 
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6) Indented + Regular Type = Subtasks. They describe what is necessary to complete the 
associated task successfully. Each is identified with a 3-digit number (001, 002, etc.). 
Subtasks are omitted in instances where the task does not require further explanation. As 
with tasks, subtasks begin with an underlined verb to highlight the type of activity being 
performed. 

Note that the tasks required during transitions into new segments cannot always be inserted 
under a specific phase. These tasks, therefore, are identified without a letter that would link it to a 
phase. In the present example, the task ”01.01" and its subtasks appear at the introduction to the 
segment and prior to the Erst phase. This also occurs in the transitions to segments 2 and 3. 

To obtain the location of controls operated and monitored during E/L, the Space Shuttle 
Systems Handbook , Volume n. Section 20 (July 1989) was consulted. This portion of the task 
analysis document identifies, by name, each control used to perform the corresponding task(s) and 
its location according to the flight deck panel coordinate system. The forward flight deck 
coordinate system comprises the following, which are also presented in figure 7. 

F= forward panels, directly in front of the CDR and PLT 
R= starboard side panels, to the PLTs right 
L= port side panels, to the CDRs left 
C= console panels, between CDR and PLT 
0= overhead panels, above CDR, PLT, and MS 2 

Each area contains several panels, which are identified as FI to F8 for the forward panels: 
Cl to C7 for the console, and so forth. Most panels are divided into sections to further define 
control locations. These are identified with the letter "A." For example, the F6 panel is divided 
into 8 sections, Al, A2..A8, and are identified as F6/A1, F6/A2... F6/A8. Note that these 
secondary coordinates do not refer to the controls located inthea/r portion of the flight deck. 
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Table III. - Hierarchical Task Listing 
Shuttle Entry and Landing 


17 



18 


(x=Mlsslng Ny/Nz values due to LOS) 



19 


(x=Miss|ng Ny/Nz values due to LOS) 























CHICAL T 



21 


’(x»Mtasing Ny/Nz values due to LOS) 


HIERARCHICAL TASK LISTING 
SHUTTLE ENTRY AND LANDING 


Notes 

ii l!| | 

]l ti] 1 

h jSl f 

p„ fll 1 

Ilf !i! i 

1 & 

I ||f 

II l|I 

!i ill 

Loc 

g§i S|?s £5 11 eh 

§i» ” e ii 

I 

4 

i |i i 

! I 

si s s 

1 

t 1 1 

i 11 
1 11 

| 5 3 §£ 

is s 

2 

If- |l|i| | 1 j I ! 

Ii!! is lj 1 ii 

$8 § g s 1 * * U 

s s s s s 

2 

§ 

I 

i r 8 1 ij 1 ii,; t 

i t i. Mil t i i iflh 1 i 

5 H 6 1 w H 1 i. II j 1 1 is 

1 |l Ig 5 i if | 3 s i I 3 3 3 i 

s 41 is s 11 I a 1 s s s 

£ 

00 >o r) 00 Vj 00 

S 3 3 5 5 ‘ * 5 

i 

fr* 2 g a jn 2 9 

S ill ; • • i 

© © ® ° ° © © 

m 

05 *n ® .. S 

r.' r» r» v 


5 55 8 5 5 H - . S 

,L| *4 ^4 *■« *4 ^ 


s = s s si . . 5 

1 S S S § § fl 


22 


(x=Misslng Ny/Nz values due to LOS) 


HIERARCHI 



23 


'(x=Mlssing Ny/Nz values due to LOS) 




24 


'(x=MissJng Ny/Nz values due to LOS) 


HIERARCHICAL TASK LIOTIN 
SHUTTLE ENTRY AND LANDlf 



25 


(x-MissJng Ny/Nz values due lo LOS) 




26 


'(x^MbsIng Ny/Nz values due to LOS) 



27 


BQ2.10 Call "MLS. 


HIERARCHICAL T, 



28 


(xxMisshvg Ny/Nz values due lo LOS) 



29 


'(x-Mbshig Ny/Nz values due to LOS) 




30 


t(x*:Misslng Ny/Nz values due to LOS) 




31 


k (x=Mlssing Ny/Nz values due to LOS) 



32 


'(xsMtesiftg Ny/Nz values due to LOS) 



Notes 

gi| 

nig 

liii 

sill 

‘hi 

Loc 

*| 1 .8 Si ill s§ I jl 8 |1 1 

2 

8 

s 

1 la 

1 PL Pi. 

it ij ii 3*| 

si g-sfl s B 

£ £ £ 

2 

1 ?it| |{ i 

Si 1 § | 

82 6811 8Sa! ®8 

£ £ £ £ 

EventV CDR Task 

D03.03 Monitor out- the- window 
ball /bar. 

001 Adjust pitch as needed to 
achieve A maintain 1 .0-1.5 
deg. IQS. (Ball on top of 
bar yields better 1.0 deg. 
manual OS). 

002 Line-up ball soft appears 
to be moving along light 
bar. 

D00.04 Call: ’GEAR DOWN” 

D03.06 Depress OR DN button. 

D03.07 Call: "OEAR COMING* 
(Flashing symbology TOR//' 
occurs on HUD). 

D03.09 Stabilize Orbiteron IQS 
(at this point CDR is utilizing 
visual cues outside to 
stabilize Obiter). 

D03.12 Correct any lateral errors. 

* 

to *o « 

8 8 si ... 

£ 

3 3 $ ... 

9 9 9 

SS8 

•o •n 2 ... 

o © e 

~75T 

Kit 

i r i ... 

a| 

i 1 1 ... 


33 


(x=Mbsjng Ny/Nz values due to LOS) 



34 


'(xaMissing Ny/Nz values due to LOS) 




35 


+(x-Missing Ny/Nz values due to LOS) 


HIERARCHICAL TASK LISTING 
SHUTTLE ENTRY AND LANDING 





36 


*(x=Missing Ny/Nz values due to LOS) 



37 


'(x=Missing Ny/Nz values due to LOS) 



BIBLIOGRAPHY 


Ash, R. A., and Levine, E. L. A framework for evaluating job analysis methods. Personnel, 
1980, 57, 53-59. 

Blackman, H.S., Gertman, D. I. and Haney, L. N. The process of task analysis. Human Factors 
Engineering, September 1985. 

Fox, Jeff Space Shuttle Vehicle Familiarization. Mission Operations Directorate, Flight Training 
Branch. SSVFAM 1107, August 1986. 

Foy, Lynne, Crew Software Interface. Mission Operations Directorate, Flight Training Branch. 
CSI 2102, November 1987. 

Ghorpade, J., and Atchison, T. J. The concept of job analysis: A review and some suggestions. 
Public Personnel Management, 1980, 9, 134-144. 

James, John, Entry Guidance Training Manual. Mission Operations Directorate, Flight Training 
Branch. ENT GUID 2102, July 1988. 

Keller, A., Lesser, M., Norman, D. and Webster, D. Flight Crew Task Analysis: Lunar 
Excursion Module Design Reference Mission I. LED-480- 17, 01 October 1965. 

Levine, E. L., Ash, R. A., and Bennett, N. Exploratory comparative study of four job analysis 
methods. Journal of Applied Psychology, 1980, 65, 524-535. 

Levine, E. L., Ash, R. A., Hall, H. L., and Sistrunk, F. Evaluation of seven job analysis 

methods by experienced job analysts. Law Enforcement Assistance Administration, Grant 
No.9-DF-AX-0195, 1981. 

Levine, E. L., Bennett, N., and Ash, R. A. Evaluation and use of four job analysis methods for 
personnel selection. Public Personnel Management, 1979,8, 146-151. 

McCormick, E. J. Job analysis: Methods and applications. New York: Amacon, 1979. 

McCormick, E. J. Job and task analysis. In M. D. Dunnette (Ed.), Handbook of industrial and 
organizational psychology. Chicago: Rand McNally, 1976. 

McCormick, E. J., Jeanneret, P. R., and Mecham, R. C. A study of job characteristics and job 
dimensions as based on the position analysis questionnaire (PAQ). Journal of Applied 
Psychology, 1972, 56, 247-267. 

Mission Operations Directorate. Flight Procedures Handbook: Entry. JSC-1 1542. Final, Revision 
B, 23 January 1984. 

Mission Operations Directorate. Space Shuttle Systems Handbook. JSC-1 1 174, Revision D, 
DCN-4, July 1989. Vol. 2, Ch. 20. 

Mission Operations Directorate. Flight Procedures Handbook Vol. I: Sections 1-5 AESP/APCL/ 
OPCL/EPCL Pocket Checklists and Cue Cards With Rationale. JSC- 16873, All Vehicle 
Generic. 17 July 1989. 


38 



Mission Operations Directorate. Flight Procedures Handbook Vol. II: AESP/APCL/ OPCL/EPCL 
Pocket Checklists and Cue Cards With Rationale. JSC- 16873, All Vehicle Generic. 
Sections 6-11. 17 July 1989. 

NASA Reference Publication 1059 Revised. Space Transportation System and Associated 
Payloads: Glossary , Acronyms, & Abbreviations. 1985. 

Pearlman, K. Job families: A review and discussion of their implications for personnel selection. 
Psychological Bulletin, 1980, 87, 1-28. 

Prien, E. P., & Ronan, W. W. Job analysis: A review of research and findings. Personnel 
Psychology , 24, 371-396, 1971. 

Primoff, E. S. How to prepare and conduct job element examinations. Washington, D. C.: U.S. 
Government Printing Office, (GPO No. 006-000-00893-3), 1975. 


39 



\ 



g's Experienced during Entry and Landing 


APPENDIX A 

G's Experienced During Entry and Landing 
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Reference Flight: STS-41 



APPENDIX B 

Comments on Entry/Landing Provided by Crewmembers 

• From Entry Interface minus 5 minutes the commander (CDR), pilot (PLT) and mission specialist 

2 (MS2) continuously monitor all relevant instrumentation (e.g., altitude/vertical velocity 
indicator (AWI), alpha mach indicator (AMI), horizontal situation indicator (HSI), attitude 
direction indicator (ADI), surface position indicator (SPI), entry trajectory (ENT TRAJ), 
horizontal situation display (SPEC 50)). 

* It was not feasible to indicate when all monitoring tasks were taking place, since this is 
an ongoing task from entry interface to wheel stop. We, therefore, elected to include 
intermittendy the most frequendy monitored controls as an indication that this activity is 
still ongoing. 

• Regarding MS2 functions: In general, since MS2 can see both sides of cockpit, he/she will call 

out and monitor all events. On a nominal entry, each of the three crewmembers will verify the 
major events. 

• Yrei Kfps (M) for Entry and Landing is dependent on trajectory and will be slighdy different for 

each flight 

• B01.07: 001 "Double Toggle" (elapsed time 13:02). This procedure will be deleted when new 

instrumentation and software are introduced to the Orbiters. 

• A03.02 (Elapsed Time 29:09). Executing control inputs to capture outer glide slope (OGS) 

should not, in a nominal situation, require a pitchover and roll-out Rather, it should be a 
smooth maneuver from heading alignment cone (HAC) intercept to arrive established OGS. 
Commander is constandy flying both axes, and the physical environment is always 
approximately lg. 

• During the "Final Flare Initiation" (D03.17: elapsed time 30:16) of E/L, the task is a closed-loop 

command, made smoothly, not an open-loop command. During training sessions in the SMS, 
however, it is considered open-loop. 

• D03.20 "Alignment of heads-up display (HUD) Velocity Vector" (elapsed time 30: 16). The 

method of aligning the velocity vector is a technique task. No specific method is universal to 
all CDRs and PLTs. In one CDR's opinion, to do it well, you should not use the HUD flight 
path markers. Rather, it is an "outside-view depth perception" maneuver entirely. 
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• With regard to the rudder pedals for steering, no one is allowed to touch them until main gear 

touchdown. Also, the braking function of the rudder pedals is not permitted to be used until 
midfield has been reached. 

• Because of the handling characteristics of the Orbiter, control inputs on the RHC are very slight 

For example, the "Push forward on RHC" listed in A03.02: 001 would be a very small 
forward input 

• During preflare phase (onset at elapsed time 29:52) and following, crewmembers are probably 

checking speedbrake (SPDBK) for a "ballpark" value. During that time, it has a "mind of its 
own." Additionally, the "correct" SPDBK values that are being verified are based on computer 
model estimates, which may not have utilized the most current wind conditions or energy state, 
etc. 
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